1. Introduction
===============

Osteoarthritis (OA) is known as the most frequent form of arthritis, with knee OA (KOA) being the leading etiology for lower extremity disability found in older adults.^\[[@R1]\]^ Total knee replacement (TKR) is similarly known as the most effective orthopedic treatment for patients diagnosed with KOA, and recent reports have suggested and stressed the increasing use of TKR in the last 10 years with its satisfaction rates showing success in more than 90% of those treated.^\[[@R2],[@R3]\]^ Patients 65 years or younger have shown a better chance for receiving TKR because of the high physical demands.^\[[@R4]\]^ TKR could relieve both pain and improve knee joint function for many young patients diagnosed with rheumatoid arthritis, proving to be a successful treatment due to its good medium-term outcomes.^\[[@R5]\]^ Because of both the genetic and dietary differences, there is a strikingly low prevalence of deep vein thrombosis (DVT), as well as fatal pulmonary embolism (PE), following the TKR procedure in Asian patients.^\[[@R6]\]^ Studies indicated that both DVT and PE were ranging between 40% and 85%, and 0.1% and 0.7%, respectively, for patients who have undergone TKR without using an anticoagulant prophylaxis.^\[[@R7],[@R8]\]^ Therefore, the risk for thromboembolism can potentially be reduced by implementing the use of a pharmacological thromboprophylaxis following TKR in which there were some new oral anticoagulants, such as both the direct thrombin inhibitors, as well as factor Xa inhibitors.^\[[@R9]\]^

Rivaroxaban, an oral anticoagulant, has been known to not only inhibit factor Xa both directly and selectively, but also treats DVT following TKR in adult patients.^\[[@R10],[@R11]\]^ It has also been reported that the utilization of rivaroxaban needs no laboratory monitoring and has no food interactions, but does present with a few drug interactions.^\[[@R12]\]^ Previous evidence has also revealed that rivaroxaban has been shown to prevent both venous thromboembolism (VTE) and PE, as well as decreases the incidence of stroke in atrial fibrillation patients, being both safe and effective.^\[[@R13],[@R14]\]^ A previous study indicated that a great amount of blood was lost in the process of total joint replacement and about 2000 mL for a primary joint replacement.^\[[@R15]\]^ Relative to the previous point, TKR had a close association with major postoperative blood loss, which amounted in between 800 and 1200 mL; and thus, the requirement for a blood transfusion was frequently necessary.^\[[@R16]\]^ Due to the substantial blood loss, these patients were also in a growing demand for allogeneic blood transfusions, but there were some cases that were followed by some costs and risks, such as longer hospital stays, infectious disease transmission, immunologic reactions, acute lung injury, cardiopulmonary overload, hemolytic, and anaphylactic reactions.^\[[@R17]\]^ Therefore, both the blood loss and the requirement for blood transfusions during TKR must be reduced due to the aforementioned factors. Consequently, we conducted this study in order to investigate the effects rivaroxaban had on both hidden blood loss and BTR following TKR. As a result, we can find a new way to protect patients from the combination of the amount of blood loss and excessive BTR during the TKR process.

2. Material and methods
=======================

2.1. Ethical statement
----------------------

This study was reviewed and approved by the Ethics Committee of Weifang People\'s Hospital. Patients and their relatives signed written informed consent in strict accordance with the principle provided.

2.2. Study subjects
-------------------

Our study selected overall 235 KOA patients (males: n = 98; females: n = 137; age: 40--88 years; mean age: 63.8 years) undergoing TKR from December 2011 to January 2015 in Weifang People\'s Hospital. We used Excel for random grouping, and the specific methods were as follows: the patients were numbered, and the random number was randomly generated by using RNAD() function. According to the mean value of random number, the group is divided into 2 groups: rivaroxaban group and nonanticoagulant group, combined with the experimental design. Inclusion criteria:

1.  the age of patients being 18+ years old; and

2.  patients with KOA and scheduled to undergo TKR.

Exclusion criteria:

1.  patients with abnormal blood coagulation functions prior to surgery and contraindications in association with the requisite anticoagulant therapy;

2.  patients with obvious hepatic diseases (such as cirrhosis and chronic active hepatitis);

3.  patients who were pregnant or lactating women with positive pregnancy tests;

4.  patients who have been taken anticoagulation orally and have been advised by their health care physician to carry out the drug routine; and

5.  patients who have received vascular surgery.

2.3. Treatment regimens
-----------------------

Tracheal intubation under general anesthesia or combined with a spinal-epidural anesthesia was adopted during the surgery with patients who were placed in the supine position. Median incision of the anterior knee along with the medial parapatellar approach was used as the surgical approach point. During the surgery, patients' collateral ligaments were routinely loosened and a stabilizing cemented knee joint prosthesis was applied (Zimmer, De Puy, Smith & Nephew). Drainage along with an autologous blood recovery system was applied at the completion point of the surgery. The surgery lasted between 2 and 2.5 h. Following the surgery, an intravenous analgesia was used while a tourniquet was used all throughout the duration of the surgery. Patients involved in the rivaroxaban group received certain anticoagulant regimens: patients began to take rivaroxaban orally about 10 mg/d for 2 weeks within 6 to 8 h following the surgery; anticoagulation therapy was not used in coordination with the nonanticoagulant group after surgery. Patients in both groups began to do ankle flexion and extension, and lower-limb muscle training immediately as anesthesia wore off to test range of motion (ROM) of their previously numbed limbs. The inserted drainage tube was subsequently removed on the second day after surgery with patients receiving some form of joint mobilization or continuous passive motion (CPM) training 2 times a day, 30 min each session. Patients could get out of bed and do some exercises within 5 to 7 days following the surgery and continued to do more knee joint exercise once discharged from the hospital.

2.4. Observational indexes
--------------------------

Coagulation function indexes (the number of platelet \[PLT\], activating both partial thromboplastin time \[APTT\], and prothrombin time \[PT\]) were measured 3 days before surgery, as well as on the 4th day after surgery, with changes of each index compared throughout the duration before and after surgery. Hematocrit (Hct) and Ward formula were used in order to calculate the total blood loss.^\[[@R18]\]^ The formula was: total blood loss = preoperative blood volume (PBV)^\[[@R19]\]^ × 2 × (Hct before surgery − Hct after surgery)/(Hct before surgery + Hct after surgery).

The formula for calculating blood volume before surgery is as follows: 

The blood transfusion volume, intraoperative blood loss, postoperative wound drainage, and wound exudates after extubating were recorded (the permeability of each small gauze was 5 mL).

The formula for calculating dominant blood loss was:

Dominant blood loss = intraoperative blood loss + postoperative wound drainage + wound exudates after extubating.

Hidden blood loss = total blood loss after surgery − dominant blood loss.^\[[@R20]\]^

The difference between hemoglobin (HGB) volume before and after surgery was the reduction of HGB. The symptoms including ecchymosis, hematoma and wound infections were recorded. The degree of postoperative pain (visual analogue scale \[VAS\] scores), the swelling degree of knee joint, and the ROM were also observed. Hospital for special surgery (HSS) scores^\[[@R21]\]^ offered an objective evaluation for the knee joint functions before surgery and at 2 weeks, 3 months, 6 months, 12 months, and 24 months after surgery.

2.5. Statistical analysis
-------------------------

The statistical software SPSS 21.0 (IBM Corp., Armonk, NY) was adopted. The measurement data was expressed by adopting the mean ± standard deviation and tested using the *t* test. The enumeration data were expressed by percentage or rate and tested by chi-square test. *P* \< .05 was considered as making a statistically significant difference.

3. Results
==========

3.1. The baseline characteristics of patients
---------------------------------------------

There were 121 and 114 patients involved with the rivaroxaban and nonanticoagulant groups, respectively. No significant differences were found in terms of gender, age, body mass index, height, weight, grading, or course throughout the KOA between the 2 groups (all *P* \> .05, Table [1](#T1){ref-type="table"}).

###### 

Baseline characteristics of patients in the rivaroxaban and nonanticoagulant groups.
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3.2. Patients received rivaroxaban regimen has higher hidden blood loss and BTR
-------------------------------------------------------------------------------

In comparison with the nonanticoagulant group, patients apart of the rivaroxaban group had a slightly higher total blood loss concentration, dominant blood loss concentration, and HGB reduction, meanwhile there were no significant differences detected between the 2 groups (both *P* \> .05). There was also no significant difference observed among the blood transfusion volume between the 2 groups (*P* \> .05). Hidden blood loss concentration of the rivaroxaban group was higher in the rivaroxaban group than that of the nonanticoagulant group (*P* \< .05). Among those 121 patients in the rivaroxaban group, 60 patients received blood transfusion with the BTR calculated at 49.59%; while among the 114 patients in the nonanticoagulant group, 40 received blood transfusion with the BTR calculated at 35.09% (*P* \< .05) (Table [2](#T2){ref-type="table"}).

###### 

Total blood loss, dominant blood loss, hidden blood loss, blood transfusion volume, and HGB reduction in the rivaroxaban and nonanticoagulant groups.
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3.3. The coagulation function indexes before and after surgery
--------------------------------------------------------------

Coagulation function indexes of each group before and after surgery were presented in Table [3](#T3){ref-type="table"}. Postoperative PLT was higher than the level found in preoperative PLT. The PLT of the rivaroxaban group was slightly lower than that of the nonanticoagulant group, showing no significant difference (*P* \> .05). No significant change was also found in the PT before and following surgery. The APTT was also decreased after surgery, but again no significant differences were found in both the PT and APTT between both the rivaroxaban and nonanticoagulant groups (both *P* \> .05).

###### 

Coagulation function indexes before and after surgery in the rivaroxaban and nonanticoagulant groups.
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3.4. Rivaroxaban regimen alleviates degree of knee swelling after surgery
-------------------------------------------------------------------------

The drainage tube was removed on the second day postsurgery with patients receiving some joint mobilization or CPM training 2 times a day, 30 min each session. Patients could excuse themselves from their beds and do some exercises within 5 to 7 days following the surgery. No significant differences were found among the VAS score between the 2 groups at the 3rd and 7th day after surgery (*P* \> .05), respectively, in which the use of analgesics after surgery may be one of the reasons for the lack of differences. There were no significant differences in either the passive or active ROM between the 2 groups on both the 3rd and 7th day after surgery (*P* \> .05). Compared with the nonanticoagulant group, the degree of knee swelling was lower after surgery in the rivaroxaban group (*P* \< .05) (Table [4](#T4){ref-type="table"}).

###### 

VAS score, degree of knee swelling, and passive and active ROM in the rivaroxaban and nonanticoagulant groups.
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3.5. Rivaroxaban suppresses the incidence of DVT
------------------------------------------------

No significant difference was again found in the incidence rates of skin ecchymosis around the wound between both the rivaroxaban (50/121, 41.32%) and nonanticoagulant (36/114, 31.58%) groups (both *P* \> .05). There were, however, 3 such cases of hematomas in the rivaroxaban group, while the nonanticoagulant group observed 1 case of hematomas; no wound infections occurred in either group. There was also no occurrence of DVT in the rivaroxaban group, while 5 cases were presented in the nonanticoagulant group (*P* *\<* .05). No significant differences were found in the knee effusions between both the rivaroxaban (43 cases; 35.54%) and nonanticoagulant (28 cases; 24.56%) groups (*P* \> .05). These knee effusions were capable of being self-absorbed after the treatment of hot compression along with physiotherapy. Besides, 2 cases of stress ulcers occurred in the rivaroxaban group at 3 days after surgery, which then presented with symptoms, such as subxiphoid pain and positive fecal hidden blood; however, patients still recovered after the treatment of fasting, gastrointestinal decompression, and gastric mucosal protection. No intracranial hemorrhages or massive hemorrhage of the digestive tract occurred in both groups (Table [5](#T5){ref-type="table"}).

###### 

Wound and complications of patients in the rivaroxaban and nonanticoagulant groups.
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3.6. HSS scores of knee joint functions are higher in patients received rivaroxaban treatment
---------------------------------------------------------------------------------------------

Significant differences were found in HSS scores of knee joint functions of patients between 2 weeks after surgery and 3 months after surgery (*P* *\<* .05). HSS scores of knee joint functions of the rivaroxaban group at 2 weeks following the surgery were obviously higher than those found in the nonanticoagulant group, but no significant differences were found in HSS scores of knee joint functions of patients in both groups at the intervals of 3 months, 6 months, 12 months, and 24 months after surgery (all *P* \> .05), which were at the plateau stage (Table [6](#T6){ref-type="table"}).

###### 

HSS scores of knee joint function of patients before and after surgery in the rivaroxaban and nonanticoagulant groups.
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4. Discussion
=============

For the elder patients diagnosed with KOA, they were more likely to select TKR as their method of treatment.^\[[@R22]\]^ DVT and PE are fatal perioperative complications after TKR.^\[[@R23]\]^ Selective inhibition of the factor Xa, such as rivaroxaban, could prevent, as well as process DVT, but the risk of wound complications and knee swelling increases with the use of rivaroxaban.^\[[@R24],[@R25]\]^ Therefore, in this present study, we investigated the effects of rivaroxaban on both the hidden blood loss and BTR following TKR. The results showed that hidden blood loss and BTR were both higher, while the degree of the knee swelling was lower following the rivaroxaban therapy, indicating that rivaroxaban could prevent DVT effectively.

Initially, the results indicated that the hidden blood loss and BTR after coagulant therapy had notably increased. As evidenced by a previous study conducted by Sabnis et al, when blood loss occurred after TKR, there was a notable increase in morbidity and hospital stay for the TKR patients.^\[[@R26]\]^ Residual blood in the joint, hemolysis, and tissue extravasation were the forms of hidden blood loss.^\[[@R27]\]^ Due to the tissues bleeding coupled with residual blood in the joint, massive hidden blood loss occurred in patients completing TKR.^\[[@R20]\]^ Patients were frequently required blood transfusion after TKR with transfusion rates ranging from 10% to 38%.^\[[@R28]\]^ The inhibition of rivaroxaban was competitive because it was a highly selective variable for factor Xa.^\[[@R29],[@R30]\]^ Rivaroxaban, similar to factor Xa, played a core role in the coagulation cascade by decreasing thrombin generation.^\[[@R31]\]^ Previous evidence also pointed to the idea that the administration of rivaroxaban resulted in a higher hidden blood loss,^\[[@R32]\]^ which was similarly consistent with our results. Additionally, 1 study focused on the tranexamic acid and rivaroxaban in TKR, finding that patients with the use of rivaroxaban needed more requirement of BTR, compared to those using the tranexamic acid.^\[[@R33]\]^

Second, in comparison with the anticoagulant group, the rivaroxaban group had presented with a lower degree of knee swelling. Additionally, TKR was related to some complications, such as the aforementioned postoperative knee swelling, blood loss, and pain after surgery.^\[[@R34]\]^ Postoperative knee swelling was caused due to many different variables. For example, vascular permeability increased because of the release of both histamine and histamine-like substances, which led to more electrolytes and plasma proteins entering the tissues; and the bleeding caused by the surgery, retained hematoma or infection, and intra-articular bleeding could all contribute to the postoperative knee swelling.^\[[@R35],[@R36]\]^ Moreover, rivaroxaban could make looser plasma clots easily degradable through the fibrinolytic enzymes based on if rivaroxaban was to be put into plasma or whole blood,^\[[@R31]\]^ potentially lowering the degree of knee swelling.

Another point that needed to be emphasized was on the aspects of wound and complications, and our results suggested that rivaroxaban could increase complications and make a positive impact on DVT following TKR. As reflected on in a previous study, the DVT, wound complications, and superficial or deep infection occurred after TKR.^\[[@R22]\]^ Parallel with our study, Wang et al pointed out that the use of rivaroxaban alone in patients with total knee arthroplasty had a higher incidence of bleeding complications.^\[[@R37]\]^ Previous evidence has also demonstrated that rivaroxaban could prevent venous DVT after completion of orthopedic surgery effectively.^\[[@R12]\]^ It had also been reported that the inhibition of prothrombinase activity, as well as the decrease of thrombin generation, were caused due to the factor Xa inhibitor-Rivaroxaban.^\[[@R38]\]^ Fortunately enough, the risk of DVT, nonfatal PE, and death were all reduced by the use of rivaroxaban.^\[[@R39],[@R40]\]^ Besides, for patients undergoing TKR, rivaroxaban was a better, safer, and more effective alternative to enoxaparin in order to prevent VTE,^\[[@R38],[@R41]\]^ consistent with our findings.

In conclusion, our study was meant to demonstrate that anticoagulants had obvious effects on the prevention of DVT following TKR, which provided a useful method for the treatment of patients undergoing a TKR. However, due to the limited sample size in which our study was dealt, further studies are needed in order to increase the reliability of our conclusion; alternative anticoagulant drugs are also necessary in their inclusion to evaluate the optimal outcome of rivaroxaban.
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